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1.1 Background 
CHAPTER 1 
INTRODUCfiON 
1 
There are many industrial applications that demand a continuous supply of electrical 
power. It is not uncommon for industrial plants, which typically use a large number of 
induction motors, to have two or more available power sources for their auxiliary systems. 
When one power source is lost because of an emergency condition such as a fault on the 
source bus, or when the source is intentionally removed such as when maintenance is 
required, there must be a way of transferring the de-energized auxiliary systems to one of 
the alternate power source buses. It is for this reason that power distribution systems 
frequently include equipment to perform a power source bus transfer. Figure 1.1 illustrates 
a simplified bus transfer scheme. 
Under normal operation, the motor M would be supplied by the normal power source. 
If for some reason the normal source breaker is opened, then the power for M must be 
supplied by the alternate power source. This is accomplished by closing the alternate source 
breaker. Transferring load from one power source bus to another is ordinarily referred to 
as a bus transfer. 
As the motor is removed .from the normal supply bus, it is de-energized for a short time 
until the alternate supply bus is connected. Since the motor is disconnected from the supply 
bus, only currents in the rotor will be able to flow. The rotating air-gap flux resulting from 
the currents in the rotor will induce an emf on the stator terminals as long as the rotor is 
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Figure 1.1: Simplified bus transfer scheme. 
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spinning. This voltage is commonly referred to as the motor residual voltage. The rotor 
currents and, hence, the motor residual voltage will decrease over time because of the losses 
in the rotor and no available excitation to support the current flow. The rate at which the 
magnitude of the residual voltage decays is referred to as the motor open circuit time 
constant. 
It should also be mentioned that the decay rate of the residual voltage is also a function 
of rotor speed. If the rotor speed slows down once the motor has been disconnected, the 
rotating air-gap flux will slow down and the residual voltage, which is dependent on the time 
rate of change of the flux linking the stator windings, will decrease. Therefore, if the motor 
is connected to a low inertia load, the magnitude of the residual voltage would decrease 
faster than if the motor were connected to a high inertia load. 
It should also be noted that the phase angle between the motor residual voltage and the 
power source voltage will be changing while the motor is disconnected from the normal 
supply bus. The frequency of the motor residual voltage is directly related to the rotor 
speed. Since an induction motor supporting load operates at a speed less than synchronous 
speed, the frequency of the residual voltage would be less than the supply frequency. The 
result is that the phase angle between the power supply voltage and the motor residual 
voltage will be changing. If the rotor speed slows down, as in the cases involving low inertia 
loads, the rate at which the phase angle changes will increase. 
The transfer of an induction motor from one power source bus to another is of concern 
because of the stresses that may result on the machine. U pan connection to the alternate 
supply, abnormally large electrical and mechanical transients can occur in the motor. The 
electrical transients are dependent on the motor residual voltage. Because the motor 
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residual voltage is at a different frequency than that of the alternate supply bus, connecting 
it to the alternate supply bus can cause extremely high currents to flow into the motor. 
These inrush currents will depend on the magnitude of the motor residual voltage, the rotor 
speed, and the phase angle between the alternate power ~upply voltage and the motor 
residual voltage. Upon connection to the alternate supply bus, electrical torque transients 
will result. Since the motor shaft which connects the motor to the mechanical load is not 
completely rigid, shaft oscillations will result during the bus transfer. Large shaft torques can 
develop and are dependent on the phase relationship between the transient electrical torque 
anc;l the oscillating shaft torque at closure. The severity of these transients depends largely 
on the time delay in closing the circuit breaker to the alternate power supply. 
Since it is important that the induction motor and connected load not be damaged 
during a bus transfer, it is critical to have some method of determining how a given transfer 
will impact the motor. The most commonly referred to guideline is the ANSI C50.41-1982 
[1]. The ANSI standard states that the possibility of damaging the motor or driven 
equipment can be limited by ensuring that the resultant vectorial volts per Hertz between 
the connecting power supply bus and the motor residual voltage at the instant that closure 
is completed does not exceed 1.33 per unit volts per Hertz on the motor rated voltage and 
frequency bases. A more general guideline is the NEMA MG1 Standard-1987 [2], which 
recommends that a slow transfer be used to limit the possibility of equipment damage, and 
that an electromechanical study be conducted whenever a fast transfer scheme is considered. 
The slow and fast bus transfer methods will be discussed in the next section. The 1.33 per 
unit value of the ANSI standard and the NEMA standard are discussed in several research 
papers [3]-[7]. The recurring theme in these discussions is that satisfying the requirements 
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of the ANSI standard does not ensure that equipment ratings are not exceeded. It is felt 
that the NEMA standard, which recommends a slow transfer, is often too slow to maintain 
critical plant production or to prevent serious process upsets. It is believed that a more 
workable guideline is needed to cover bus transfer. 
The purpose of this project was to develop a personal computer-based software package 
that analytically displays the dynamic response of an induction machine during a bus transfer 
simulation. It was desired that the program account for the following: 
1. Unbalanced operation during sequential pole opening. 
2. Electrical transients in the induction motor. 
3. Motor shaft and load dynamics. 
4. Residual voltage decay. 
5. Fast Transfer Switch operation (discussed in the next section). 
1.2 Summary of Bus Transfer Methods 
The bus transfer methods can be categorized into three types including the parallel 
transfer, fast transfer, and delayed transfer [8]. The methods differ primarily in the open 
circuit time required to complete the transfer. 
The parallel (hot) transfer amounts to closing the breaker to the alternate supply bus 
before the normal supply breaker is opened. The result is that the two supplies are 
connected in parallel. As long as both supplies are in synchronism, the transients on the 
motor bus are eliminated. If a significant phase angle exists between the two power 
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supplies, a large current surge may result that could damage the bus system equipment. This 
type of transfer requires at least a sync-check relay to ensure that the phase difference 
between the power supply buses is within acceptable limits [8] . . Since it is critical for the two 
power sources to be in synchronism, this type of transfer may not be practical in emergency 
situations such as when a fault occurs on the normal supply bus. 
The fast bus transfer occurs after the normal supply breaker opens and consists 
of closing the breaker to the alternate supply as quickly as possible. The objective of the 
transfer is to minimize the interruption time between sources. It is important that the phase 
angle between the motor residual voltage and the alternate supply voltage be within 
acceptable limits prior to closing the breaker to the supply bus. Typically, a high-speed sync-
check relay is used to insure that the voltages are in synchronism [7]. A discussion of the 
phase angle characteristic of the motor bus is found in [8]. 
A new type of fast transfer has been proposed by Bottrell and Yu [9]. This method 
employs a device called a Fast Transfer Switch (FTS) to quickly reduce the motor residual 
voltage. The method amounts to interconnecting the motor terminals through an impedance 
after the motor has been disconnected from the normal supply bus. The objective is to 
reduce the motor residual voltage to twenty-five percent of its rated value quickly, after 
which it is acceptable to complete the transfer. 
The delayed bus transfer methods include the residual transfer and the in-phase transfer. 
The residual or slow bus transfer consists of delaying the completion of the transfer until the 
motor residual voltage decays below some predetermined level, usually to about twenty-five 
percent of rated voltage [7]. This method is best suited for low inertia loads where the 
residual voltage quickly decays due to the decreasing rotor speed. The drawback is that the 
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technique is slow and can take several seconds to implement for motors driving high inertia 
loads. This long open circuit time delay can be unacceptable where it is required to 
maintain critical plant production or to not seriously upset a plant process. Also, the large 
inrush currents that can result at completion of the transfer can depress the alternate supply 
voltage to a level at which it is unable to re-accelerate many of the motors driving low 
inertia loads. Therefore, when using the residual transfer method, it may be necessary to 
shed some dispensable loads to ensure that critical plant applications are not adversely 
affected. 
An in-phase transfer occurs when the phase angle between the motor residual voltage 
and the alternate supply voltage is zero. Once it is determined that the two voltages are in 
phase, the transfer is completed. Since all circuit breakers require some time to close, the 
key to implementing this technique is to accurately predict when the voltages will be in 
phase such that allowance can be made for the supply breaker closing time. In cases where 
the in-phase period is brief, as in many low inertia load applications, the synchronizing relay 
may be unable to respond, blocking the successful completion of the bus transfer. 
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CHAPTER 2 
POWER SYSTEM MODELING 
The power system model used in the bus transfer computer simulation program is 
presented in this chapter. Also, the notation and terminology required to successfully apply 
the bus transfer program are described. 
2.1 Modeling the Power Source 
In practice, the induction motor will be supplied by some type of power distribution 
system. The distribution system used in this project is illustrated in Figure 2.1. The power 
source consists of a three-wire, three-phase, symmetric set of feeder lines supplied by an 
ideal voltage source. The feeder line circuit includes a three-phase impedance with mutual 
coupling between each of the lines. The mathematical representation for the circuit is given 
as 
= f/as dias dibs dies (2.1) vat + Lt- +Mt- +Mt-dt dt dt 
= rtibs 
dibs dias dies (2.2) 
vbt +Lt- +Mt- +Mt-dt dt dt 
= rties 
dies dias dibs (2.3) vet +Lt- +Mt- +Mt-dt dt dt 
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Figure 2.1: Model of distribution system. 
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The equations can be presented in a more useful form by writing them in a different 
frame of reference. For analysis purposes, the mathematical models used in this project are 
represented by equations transformed into the stationary reference frame. A detailed 
explanation of reference frame theory is given in the textbook by Krause [10]. Once 
transformed to the stationary reference frame, the above equations become 
= f/qs diqs (2.4) vqt + (Lt - Mt)-dt 
= r,ids 
dids (2.5) vdt + (Lt- Mt)-dt 
The series inductance Lt - Mt is entered through the "feeder reactance" in the program 
as per-unit ohms. The new power source ~odel is represented by two decoupled equations. 
Transforming the induction motor equations in the same manner has a similar effect and 
allows the feeder line impedance to be lumped with the induction motor stator impedance. 
2.2 Modeling the Induction Motor 
The equations for the transients of the induction motor dynamic model used in this 
project are: 
(2.6) 
11 
d').ds 
= vds - rsids 
dt (2.7) 
I 
d'Aqr I I I .I (2.8) 
dt 
= w,'Adr + Vqr -r, lqr 
I (2.9) d'Adr I I I .I 
dt 
= - w,'Aqr + Vdr - r, ldr 
These four differential equations are used to model the electrical transients in the motor 
when a bus transfer is implemented. The simulation uses v~, = v~, = 0. The equations 
are written in the stationary reference frame. The flux linkages are written in terms of the 
currents as 
').qs = L,siqs + M (iqs .I ) + lqr (2.10) 
'-ds = L,sids + M (ids + ;~,) (2.11) 
I Ll .I 
+ M(iqs .I ) (2.12) Aqr = Jrlqr + lqr 
I L 1 .I MC .I ) (2.13) 
'-dr = lrldr + Ids + ldr 
The leakage inductances L18 and 
I L1, are entered through the stator and rotor 
leakage reactances in the program as per-unit ohms. The magnetizing inductance M is 
entered through the magnetizing reactance in the program as per-unit ohms. The primes 
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denote that all rotor quantities have been referred to the stator. The stator phase variables 
are expressed from the stationary reference frame as 
(2.14) 
vas : vqs 
1 
_VSv 
(2.15) 
vbs : -2vqs 2 ds 
13 
(2.16) 
1 
vcs = --V + -Vd 2 qs 2 s 
;as = jqs (2.17) 
jbs 
1 . /3. 
= 
-2/qs - 2 1ds (2.18) 
(2.19) 
Table 2.1 provides a summary of the notation used to describe the induction 
motor and load. 
Several simplifying assumptions were made in developing the above induction machine 
dynamic model and include the following: 
1. The induction machine has a uniform air gap. 
TABLE 2.1. SUMMARY OF NOTATION USED TO DESCRffiE THE 
INDUCTION MOTOR AND LOAD 
's stator resistance 
Lis stator leakage inductance 
Xis stator leakage reactance ( <ilsL/s) 
I rotor resistance r, 
L~ rotor leakage inductance 
Xu rotor leakage reactance I ( <ilsLir) 
M magnetizing inductance 
xm magnetizing reactance ( <ilsM) 
p number of poles 
<ils source frequency in electrical radians/second 
<il, electrical angular velocity of the rotor 
e, rotor angular position in mechanical radians 
al load angular postion in mechanical radians 
J, rotor inertia (lb-ft-sec2) 
]I load inertia (lb-ft-sec2) 
Te electrical torque 
~ load torque 
Ks shaft stiffness (lb-ft) 
B mechanical shaft damping (lb-ft-sec) 
13 
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2. The machine has three symmetric sinusoidally distributed stator windings displaced 
by 120 degrees. 
3. The rotor can be represented by three symmetric sinusoidally distributed windings 
displaced by 120 degrees. 
4. The motor is excited by a balanced sinusoidal set of voltages. 
5. The motor circuit parameters are constant over the operating range of the motor (no 
saturation, eddy currents, skin effect or temperature effects). 
To make the induction machine model complete, the shaft dynamics must be 
represented. The second-order shaft model used in this project is illustrated in Figure 2.2. 
The differential equations representing the shaft dynamics in lb-ft are 
J,e, = T8 + (61 - 6,)8 + (61 - 6,)K8 (2.20) 
J161 = T1 + (6, - 6,)8 + (6, - 61)K8 (2.21) 
Where II • II denotes time differentiation, and 6, = (a) ~ 
'P . The shaft model includes a 
term to represent the stiffness of the shaft and a term to account for the mechanical 
damping in the shaft. The model implies that the shaft is not completely rigid and that the 
rotor angle is not necessarily equal to the shaft angle at the load. 
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Figure 2.2: Model of motor shaft. 
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The shaft torque (in lb-ft) is expressed as 
(2.22) 
In terms of the induction machine currents, the electrical torque (in lb-ft) is written as 
(2.23) 
For this project the load torque is modeled in two ways. The first is to simply model the 
load as a constant torque. Conveyors and many lathe-type loads are commonly classified 
as constant torque loads. The other load considered is one that varies as the square of the 
shaft speed. Centrifugal fans and pumps and other propeller-type loads are typically 
modeled using the square law. The variable torque load (in lb-ft) used in this project has 
the following form 
(2.24) 
When full speed torque is specified as 80 percent of base torque, the program sets C1 to 0.8. 
When starting toque is specified as 20 percent of base torque, the program sets C2 to 0.2. 
The base torque in lb-ft is: 
T base = 
550HP 
2 
(a) (-) 
s p 
2.3 Modeling the Bus Transfer of an Induction Motor 
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(2.25) 
In this project the bus transfer process is modeled as having three stages including the 
normal supply breaker opening, a time delay, and the alternate supply breaker closing. 
The opening of the normal supply breaker is modeled as a sequential pole opening. 
More specifically, the computer program first determines when the phase-a line current 
crosses zero at which time the corresponding pole is opened. This leaves the induction 
motor operating in a single-phase, unbalanced operating mode. As soon as the remaining 
current crosses zero, the other two poles open. Consequently, the motor will be operating 
in the single-phased condition for about one-third of a cycle before the breaker is completely 
opened. The unbalanced condition can be modeled quite easily by modifying the equations 
in the stationary reference frame. The unbalanced induction machine model is developed 
in the thesis by McCann [11]. 
The second stage of the bus transfer is modeled in two ways. The first method simply 
specifies a delay time before the alternate breaker is to close. The second is more involved 
and implements the Fast Transfer Switch (FfS). With this method three delay times must 
be specified. The first delay time is used once the normal supply breaker has opened, and 
specifies when the FfS is to be applied. The second delay time is used to specify when the 
FfS is to be removed. The final delay time is used to specify when the alternate supply 
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breaker is to close. As was mentioned in Chapter 1, applying the FfS amounts to shorting 
the motor terminals together through an impedance. While the motor is connected to the 
FfS, the motor model is modified to account for the impedance and shorted condition. 
Also, the connection of the switc~ is modeled as a simultaneous pole closing where all of the 
breaker poles close at the same time. The removal of the FfS is modeled in the same way 
as the opening of the normal supply breaker: modeled as a sequential pole opening. The 
final stage, closing the alternate breaker, is modeled in the computer program as a 
simultaneous pole closing. 
Before moving on to the next chapter, it is important to mention a few important details 
concerning the mathematical model used in the bus transfer computer program. The 
equations used in the computer program are all per-unitized based on the motor rated line-
to-neutral voltage, frequency, and horsepower. The fourth-order Runge-Kutta integration 
method was used for the numerical solution to the dynamic equations. To provide a 
reference to the literature, the simulation example used in the tutorial of Chapter 3, uses 
the machine parameters by Daugherty [7] for a six-cycle (0.1 second) interruption. 
The bus transfer program also simulates a full voltage start-up using the system 
parameters. This serves two useful purposes. The first is to provide a transient reference. 
If the electrical and mechanical transients resulting from a bus transfer greatly exceed those 
that would result from the full voltage start-up, a different bus transfer should be considered. 
The other purpose of the full voltage start-up simulation is to calculate the motor's steady-
state operating values required to run a bus transfer. 
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CHAPTER3 
TUTORIAL FOR THE BUS TRANSFER SIMULATOR 
This chapter presents the user with the information needed to use the bus transfer 
simulation program called Bus Transfer Simulator (BTS). 
3.1 Software Installation 
The BTS program is designed to run on MSDOS based personal computers. An 
Enhanced Graphics Adapter (EGA) is required. A Video Graphics Array (VGA) hardware 
configuration may also be used. It is recommended that at least an IBM-AT or compatible 
machine with a math coprocessor be employed. 
To install the BTS ·software, a directory called BTS should be created. All of the files 
on the BTS diskettes should then be copied to the BTS directory.- To start BTS, the user 
must type BTS at the DOS prompt and press Enter. 
3.2 Summary of Key Functions 
Table 3.1 provides a list of the keys and corresponding functions needed to successfully 
use BTS. This same list is available to the program user by pressing the help key F2, which 
may be used anywhere in the program. The BTS program is menu driven and the arrow 
keys provide movement from one· screen location to another. Striking Enter will choose a 
menu option. 
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TABLE 3.1. LIST OF KEYS AND CORRESPONDING FUNCTIONS 
NEEDED TO USE BTS 
Up Arrow Key - to move up 
Down Arrow Key - to move down 
Right Arrow Key - to move right or increase a numeric value 
Left Arrow Key - to move left or decrease a numeric value 
Page Up Key - to increase a numeric value in large increments 
Page Down Key - to decrease a numeric value in large increments 
F8 Key- to change Runge-Kutta step size 
F9 Key - to move back to the main menu 
Fl 0 Key - to exit the program 
Enter/Return Key- to choose a program option 
Esc Key - to move back to previous menu or to exit help 
21 
Pressing Esc will return the user to the previous menu, and pushing F8 will return the user 
to the main menu illustrated in Figure 3.1. 
3.3 Entering Input Data 
The menu for entering the system input data is illustrated in Figure 3.2. Displayed are 
the motor and load data used in the paper by Daugherty [7]. To move to different input 
items, the user need only use the up and down arrow keys. It is not shown in the figure, but 
a highlighted input item indicates the current location on the computer screen. A 
highlighted numeric value can be increased and decreased by pressing the right and left 
arrow keys, respectively. Numeric values can be changed in large increments by pressing 
Page-up and Page-down. The input data can be saved by pressing Fl. 
3.4 Simulating a Full Voltage Start-up 
To run a full voltage start-up simulation, the user should choose the Full Voltage Start-
up option on the main menu. The new screen will resemble the one illustrated in Figure 
3.3. Before starting the simulation, the user is able to set the starting speed and the length 
of time to run the simulation. Pressing Fl initiates the simulation. 
A plot of shaft speed versus time is displayed during the simulation. The purpose of this 
plot is to inform the user when the motor has reached the steady-state condition. Reaching 
steady state is important because the bus transfer simulation, discussed in section 3.5, will 
require the steady-state information about the system. A simulation of the full voltage start-
22 
Figure 3.1: BTS main menu. 
Figure 3.2: BTS input menu. 
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Figure 3.3: BTS full voltage start-up menu. 
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up from a speed of 1550 revolutions per minute is shown in Figure 3.4. It should be 
mentioned that the user need not wait until the simulation stop time is reached if the system 
has reached steady state prior to that time. By simply pressing Enter or Esc, the user can 
stop the simulation at any time. 
It should also be mentioned that if numeric stability problems result during a simulation, 
the step size used in the program's integration method should be decreased by pressing FB. 
However, the smaller the user makes the step size, the longer the simulation will take to run. 
3.5 Simulating a Bus Transfer 
To simulate a bus transfer, the user must choose the Bus Transfer option .on the main 
menu. The Bus Transfer menu is illustrated in Figure 3.5. Before initiating the simulation, 
the user must set the normal supply open time, the alternate supply closing time, and the 
simulation stop time. It should be mentioned that the time entered to open the normal 
supply is only the desired opening time, because the opening of the normal supply is 
modeled as a sequential pole opening. The BTS program will determine when the first 
phase-a current zero occurs before opening the corresponding breaker pole. About one-
third of a cycle later, the normal supply breaker will completely open. The actual normal 
supply breaker open time will be calculated and recorded in the simulation results. The 
poles in the alternate supply breaker will close simultaneously at the time set by the user. 
As in the full voltage start-up simulation, the user must press Fl to start the simulation. 
Figure 3.6 shows the plot of shaft speed versus time that would be seen by setting the time 
Figure 3.4: Plot of shaft speed versus time for a full voltage 
start-up from a speed of 1550 revolutions per minute. 
25 
26 
Figure 3.5: BTS bus transfer menu. 
Figure 3.6: Plot of shaft speed versus time for a bus transfer 
with an open circuit delay of 0.1 second (six cycles). 
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between the actual normal supply breaker opening and the alternate supply breaker closing 
equal to 0.1 second and the shaft damping to zero. 
Another option is to include the Fast Transfer Switch (FTS) in the bus transfer. The 
modified bus transfer menu is illustrated in Figure 3.7. The menu is similar to the previous 
Bus Transfer menu except that the FTS resistance, reactance, open time, and close time 
must also be specified. Again, the entered FTS open time will only be the desired opening 
time since the FTS will open sequentially. 
3.6 Displaying the Simulation Results 
To display the results of the simulations, the Simulation Results option should be chosen 
on the main menu. The Simulation Results menu is illustrated in Figure 3.8. Choosing the 
Display Full Voltage Start-up Results or the Display Bus Transfer Results option gives a 
menu of available display options as illustrated in Figure 3.9. Choosing a display options 
gives the Plot Constraints menu as illustrated in Figure 3.10. Before a selected display 
option is plotted, the horizontal and vertical axis scales must be set. To plot the chosen 
display option, Fl should be pressed. It should be noted that all of the vertical scales are 
in per-unit based on the motor's rated line-to:-neutral voltage, frequency, and horsepower. 
Figures 3.11-3.14 show the results of the full voltage start-up simulation and Figures 3.15-3.18 
show the results of the bus transfer simulation. 
The BTS program also allows the user to display and print a summary of the two 
simulations by choosing the Display Summary of Simulation Results or Print Summary of 
Simulation Results options. The summary of the previous simulation results is given in 
29 
Figure 3.7: BTS bus transfer menu including FTS option. 
Figure 3.8: BTS simulation results menu. 
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Figure 3.9: BTS display options menu. 
Figure 3.10: BTS plot constraints menu. 
Figure 3.11: Plot of electrical torque versus time for a full voltage 
start-up from a speed of 1550 revolutions per second. 
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Figure 3.13: Plot of currrent versus time for a full voltage 
start-up from a speed of 1550 revolutions per second. 
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Figure 3.14: Plot of voltage versus time for a full voltage 
start-up from a speed of 1550 revolutions per second. 
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Figure 3.15: Plot of electrical torque versus time for a bus transfer 
with an open circuit time delay of 0.1 second (six cycles). 
35 
Figure 3.16: Plot of shaft torque versus time for a bus transfer 
with an open circuit time delay of 0.1 second (six cycles). 
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Figure 3.17: Plot of current versus time for a bus transfer 
with an open circuit time delay of 0.1 second (six cycles). 
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Figure 3.18: Plot of voltage versus time for a bus transfer 
with an open circuit time delay of 0.1 second (six cycles). 
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Figure 3.19. It should be mentioned that to obtain a printout of the simulation results, the 
user must have a printer attached to parallel port one of the computer being used. 
The BTS will not generate a hard copy of the simulation plots. It is recommended that 
the user import the output files generated from BTS into a spreadsheet program and then 
plot and print the results. Table 3.2 presents a list of the BTS generated output files. 
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Figure 3.19: BTS simulation summary display. 
TABLE 3.2. LIST OF BTS GENERATED OUTPUT FILES 
Full Voltage Start-up Simulation Output Files 
start.te - electrical torque output 
start. tsh - shaft torque output 
start.ia - phase-a current output 
start.va - phase-a voltage output 
start.wr - shaft speed output 
Bus Transfer Simulation Output Files 
transf.te - electrical torque output 
transf.tsh - shaft torque output 
transf.ia- phase-a current output 
transf.va - phase-a voltage output 
transf.wr - shaft speed output 
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